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Introduction
The ability of suitably pre-functionalised building blocks to recognise each other in solution and spontaneously selfassemble to form a complex is well understood.
1,2 Discrete coordination cages and infinite coordination networks of increasing complexity have been prepared utilising the selfassembly of multifunctional ligands and metal cations, [3] [4] [5] and their applications range from catalysis [6] [7] [8] [9] [10] to sophisticated guest incarceration. [11] [12] [13] The study of sterically and interactionally similar ligand sets has garnered much interest due to their ability to selectively form homo-and heteroleptic complexes, allowing the formation of structures ordinarily inaccessible with a single ligand system. [14] [15] [16] This phenomenon relies on a sliding scale of kinetic stability, whereby the dynamic nature of the coordination bond can be either exploited to enable ligand exchange, or relied upon for kinetic stability. 17 The tailoring of organic ligands and assembly conditions allows the chemist to exercise a degree of control over their self-assembly. [18] [19] Fujita and co-workers, for example, have demonstrated an intricate system where small alterations to bridging ligand bite angle are enough to effect a large structural change between M 12 L 24 and M 24 L 48 polyhedra. 20 Likewise, the groups of Stang and Yamaguchi have shown how multi-ligand systems can undergo reversible exchange at room temperature to afford a variety of products. [21] [22] [23] Alternatively, Ward and co-workers have shown how a sterically and interactionally similar ligand pair of multidentate pyridine-pyrazole ligands can each self-assemble into a tetrahedral complex when a templating tetrahedral anion is used; 24 yet heteroleptic complexes are formed when largely different ligand systems are employed in direct competition. London dispersion forces represent the weakest van der Waals interactions between molecules 25, 26 and, whilst they are ubiquitous in nature, they are generally overlooked with respect to metallo-supramolecular chemistry due to the higher comparative strength of ion-ion and ion-dipole interactions. [27] [28] [29] Such dispersive interactions are usually exhibited as part of the hydrophobic effect, [30] [31] which helps describe how and why proteins fold, alongside the mechanics of membranes. 32, 33 Their contribution to self-assembly can be significant, however, and Cockroft and co-workers have presented experimental measurements describing how cohesive solvent interactions, otherwise known as solvophobic effects, play a strong and dominant role in driving the reorganisation and aggregation of apolar surfaces in solution. 34 Our research concerns derivatives of the relatively rigid and macrocyclic cavitand, cyclotriveratrylene (CTV) . Its open upper rim allows for facile functionalisation, whereby donor moieties may be appended to afford ligands. Tripodal derivatives such as those shown in Scheme 1 are chiral.
The self-assembly of derivatised CTVs with metal cations is well established, and coordination polymers, [35] [36] [37] discrete metallo-cages, [38] [39] [40] [41] [42] and mechanically interlocked architectures [43] [44] [45] are known. However, the chemistry of mixed ligand systems is generally limited to the solution-phase, and we have recently demonstrated how the formation and manipulation of homo-and heteroleptic [Pd 6 L 8 ] 12+ octahedral cages can be controlled with high fidelity. 46 These represent examples in which both ligands are suitably pre-designed to undergo metalmediated self-assembly to afford structurally analogous complexes.
Herein we report a study of two interactionally and sterically similar ligand pairs which do not self-assemble to form identical complexes, and instead show dissimilar coordination chemistry which is driven, in part, by aggregation effects.
Results and discussion
Ligands (±)-tris(isonicotinoyl)-cyclotriguaiacylene (L1m), (±)-tris(isonicotinoyl)-tris(propoxy)-cyclotricatechylene (L1p) and (±)-tris(2-quinolylmethyl)-cyclotriguaiacylene (L2m) were prepared according to literature procedures. [47] [48] [49] [50] The previously unreported ligand (±)-tris(2-quinolylmethyl)-tris(propoxy)-cyclotricatechylene (L2p) was prepared through reaction of propylated-cyclotriguaiacylene (p-CTG) 46 with 2-chloromethylquinoline in basic acetonitrile (MeCN), using an adapted version of a previously reported procedure, and isolated as a racemic mixture in high yields. 47 Ligands L1m, L1p, L2m and L2p were employed as racemic mixtures for all coordination studies and their molecular structures can be seen in Scheme 1. Whilst individual ligand pairs are essentially isostructural and differ only by the length of ortho-alkoxy substituents, we postulate that their dissimilar coordination chemistry may be attributable, in part, to aggregation effects present in the complexes of the longer-chained ligands.
Aggregation as a directing interaction
In our hands ligands crystalline complexes of L1m or L1p and silver(I) cations were only isolated with the bulky cobalt(III) Figure  1b . 48 Propylated ligand L1p, under similar conditions, affords a different 1D polymer whose formation may be facilitated by aggregation of propyl moieties. Such aggregation was also evident in the previously reported crystal structure of ligand L1p, whereby six individual ligands were observed to pack to create a highly hydrophobic pocket that is filled with six, inwardly-orientated propyl chains, Figure 1a . 46 The Figure 1b . 48 Symmetry expansion of complex 1p
gives rise to a 1D ladder-type motif, whereby L1p ligands are all inwardly orientated to afford a quasi-cylindrical arrangement of head-to-head ligands. Individual ligands are of the same enantiomer, rendering each 1D polymer homochiral. The inwardly orientated ligand arrangement gives rise to small pockets of space which are filled with solvent of crystallization. In comparison to individual coordination polymers of complex 1m, individual L1m ligands are only 2-coordinate and the third ligand arm acts to interdigitate neighbouring 1D chains to afford the extended, intertwined structure, Figure 1b . 48 The individual 1D 'cylinders' of complex 1p again exhibit aggregation of propyl chains, where the inwardly orientated propyl moieties aggregate across the polymer akin to the rungs of a ladder. Such interactions act to sculpt the shape of individual 1D polymers and, alongside the coordinating [Co(C 2 B 9 H 11 ) 2 ] -anion, drive the expansion of the 1D polymer from 2-connected, as seen for complex 1m, to 3-connected, Figure 1c . 48 There is no evidence for further intermolecular interactions between individual 1D polymers. In a similar manner to complex 1m, the extended structure of complex 1p features back-to-back π-stacking of L1p ligands, of a neighbouring 1D chains, and displays aromatic centroid separations of 3.856 Å. The result is a densely packed extended lattice with solvent DMF in the interstitial sites. The composition of complex 1p was confirmed with IR spectroscopy and combustion analysis. The stoichiometric reaction of L1p and Cd(NO 3 ) 2 in DMF, and subsequent diffusion of diethyl-ether vapours into the reaction mixture, resulted in the
features a 2D network, and aggregation of the hydrophobic groups is again apparent in the structure. The crystal structure was solved in the monoclinic space group C2/c, and the asymmetric unit was a molecule of L1p, coordinating a cadmium(II) centre with two chelating nitrates and one molecule of coordinated water, alongside a molecule of solvent DMF and half a molecule of diethyl-ether. The structure showed considerable disorder which is described in Supplementary Information, and only one of the disordered positions is depicted in Figure 2 for the sake of clarity. Each L1p ligand coordinates the Cd(II) centre with N-Cd bond lengths between 2.335(8) and 2.456(12) Å. The Cd(II) centre has octahedral geometry and is facially coordinated by L1p ligands, with nitrate anions coordinating in a monodentate manner at O-Cd bond lengths of 2.315(7) and 2.343(9) Å. In addition, and similarly to complexes 1m and 1p, above, host-guest interactions are present between the electron rich CTV core and a DMF molecule, whereby the non-polar N-methyl moiety is directed towards the centre of the cavitand host.
Akin to complex 1p, the complex also features aggregation of hydrophobic L1p propyl chains. The cis-coordinated L1p ligands are orientated in a head-to-head manner, affording an off-set, cylindrical arrangement, where opposing ligands are opposite enantiomers and thus the network is a racemate. Any resultant free space is filled with diethyl-ether and DMF solvent. This cylindrical motif gives rise to 4-gons within the resultant 2D net, which are extended 2-dimensionally through coordination of the third independent L1p ligand about the fac-Cd(II) centre. Thus, the network comprises a series of linked 4-and 8-gons to afford a 4·8 nodes. The formation of these 2D sheets is facilitated through intermolecular interactions, whereby the methylene protons of the cyclononatriene core hydrogen bond to the electron rich upper rim of the CTG core, displaying C-H···O separations of 3.105 and 3.185 Å. In addition, the core aromatics of the [a,d,g]cyclononatriene scaffold highlight π-π interactions with neighbouring pyridyl functions and display off-set centroid separations of 3.741 Å. Individual 2D sheets close-pack, in the absence of intermolecular interactions, to construct the extended network. The proposed network composition was fully concordant with elemental analysis and IR spectroscopy. An analogous complex to 2p but with ligand L1m in place of L1p was not formed. In fact, we did not isolate any cadmium(II) complexes of L2m. This may be solubility driven, whereby the added solubility of L1p ligands facilitate the self-assembly in solution and prevents random oligomerisation of the starting components. A further factor may be the large van der Waals interactive surface that is present between individual L1p ligands. Such interactions, observed for both complex 1p and 2p, are in keeping with the results of Cockroft and co-workers, confirming the driving force for alkyl-alkyl interactions based on the solvophobic effect. 34 )} ∞ , complex 3p. Crystals were obtained from a nitromethane (MeNO 2 ) solution and were small, twinned and weakly diffracting; nevertheless, a data collection was made using synchrotron radiation and the structure solved in the monoclinic space group P2 1 /c. There is some bonding contribution from a proximal ethereal oxygen, with O···Ag separation of 2.513(7) Å. In a similar manner to complex 3m, this system also displays host-guest interactions between quinolyl arm and the shallow hydrophobic cavity of the ligand core; however, in this instance the interaction is not reciprocal and instead is unidirectional along the length of each 1D chain, Figure 4b . Whilst there are similarities to be noted, such as host-guest interactions and complex stoichiometry, it is ultimately the presence of sterically demanding propyl chains that renders the formation of the M 4 L 4 tetramer seen with ligand L2m improbable. Comparatively, methylated ligand L2m was not seen to form coordination complexes with palladium(II) salts, whereas its more soluble propylated congener resulted in the formation of an unusual, compressed [Pd 6 (L2p) 4 ] 12+ assembly.
The role of solubility and sterics
The reaction of two equivalents of propylated L2p with three equivalents of Pd(CF 3 CO 2 ) 2 in an acetonitrile, nitromethane and water solvent mixture gave a discrete, hexanuclear assembly complex [Pd 6 (L2p) 4 (CF 3 CO 2 ) 12 ]·(Et 2 O) 4p on diffusion of diethyl-ether anti-solvent. Once formed, the complex was highly insoluble in most common solvents and was isolated as an inhomogeneous, amorphous/crystalline yellow solid. Suitable single crystals were isolated from the bulk product and were small and weakly diffracting; nevertheless, a solution was obtained in the monoclinic space group C2/c. The asymmetric unit comprises half the overall complex and features two crystallographically distinct L2p ligands, three inequivalent palladium(II) centres and six coordinating trifluoroacetate anions, alongside half a molecule of diethyl-ether. The two ligands in the asymmetric unit are of the opposite enantiomer to one another which results in a mesocomplex, akin to complex 3m. 47 Pd(II) centres are square planar and are exclusively trans coordinated by the quinolyl donors and display Pd-N bond lengths in the range 2.051(6)-2.070(7) Å and N-Pd-N angles of 176.3(3), 177.2(3) and 177.5(4)°. Two trifluoroacetate anions coordinate each palladium(II) centre to render the overall complex charge-neutral and display Pd-O bond lengths ranging 1.971(7)-2.060(9) Å, and O-Pd-O angles of 172.5(3), 175.0(3) and 176.5(3) °, Figure 5 . Interestingly, the use of trifluoroacetate anion was integral to complex formation and the complex did not form with other coordinating anions, such as nitrate or acetate.
Complex 4p is centrosymmetric and displays both hostguest and π-π interactions, but has no internal space, Figure 5 . Two sets of off-set, clathrate-type, bowl-in-bowl L2p stacking pairs are observed within the complex, where the methylene protons of the [a,d,g]cyclononatriene core are directed towards the hydrophobic bowl of the underside of a ligand forming C-H···π interactions at 2.54 Å, akin to the stacking arrangement found in β-phase clathrates of CTV. 53 The host-guest interactions displayed in complex 4p are opposite to those found in complex 3m, which highlighted a propensity for the quinolyl arm to interact with the [a,d,g]cyclononatriene core. However, whilst the modes of intramolecular interaction may differ, the result in each case is a tetrameric meso-complex that exists as a racemic dimer of dimers. 47 Each L2p ligand binds to three Pd(II) centres, and the two symmetry related quinolyl groups in the centre of the [Pd 6 (L2p) 4 ·(CF 3 CO 2 ) 12 ] assembly form phenyl···pyridyl, faceto-face, π-π stacking interactions at a ring centroid separation of 3.75 Å. This is again converse to the coordination stoichiometry found in complex 3m, where only two ligand arms coordinated the metal centres. 47 Van der Waals dispersion interactions are again present between neighbouring propyl chains, yet to a much lesser extent than for complexes constructed from ligand L1p. This is perhaps due to the numerous aromatic interactions afforded through the quinolyl moieties. 54 or variants. 55, 56 In these, the metal centres are arranged in an octahedron with flat tripodal ligands, such as tris (4-pyridyl) triazine, bridging between them. The ligands are arranged cis to one another and occupy half of the octahedral faces through vertex sharing, shown in cartoon form in Figure  6a .
Complex 4p can also be understood in terms of an octahedron with half the faces taken up by the tripodal ligand, however the octahedron is significantly compressed, and the ligands are both vertex and edge-sharing, Figure 6b . This is not the first CTVderived complex that is built on an octahedral framework and we have previously reported the elucidation and solution-phase behavior of a family of [Pd 6 L 8 ] 12+ octomeric assemblies with 4-pyridyl-derived ligands.
39,57 The extended lattice of complex 4p possesses two sites of void space which contain disordered lattice solvent, comprising a head-to-head arrangement of ligands between neighbouring complexes and large, unidirectional channels that run down the crystallographic c-axis (Figure 7 ). The insolubility of complex 4p meant that its solution-phase behaviour could not be probed. ESI-MS analyses were conducted in DMSO but no peaks corresponding to the complex were observed and it is likely that it undergoes a coordination-induced disassembly. It is interesting to note that all attempts to form the analogous Pd 6 L 4 assembly with methylated ligand L2m were unsuccessful. Equally, the analogous Ag 6 (L2p) 4 complex was inaccessible, in spite of the linear coordination geometry required. It appears that complexes 3m, 3p and 4p are all unique and highly specific with respect to their preference for metal salt used.
Experimental General
Chemicals were obtained from commercial sources and used without further purification. Propylated-cyclotriguaiacylene (p-CTG) was prepared according to literature methods from propylcyclotriveratrylene (p-CTV). 46, 58 Ligands L1m, L1p and L2m were prepared according to known literature procedures. 46, 47, 49 NMR spectra were recorded by automated procedures on a Bruker DPX 500 or 300 MHz NMR spectrometer. Electrospray mass spectra (ESI-MS) were measured on a Bruker MicroTOF-Q or Bruker MaXis Impact instruments in positive ion mode. Infra-red spectra were recorded as solid phase samples on a Perkin-Elmer FT-IR Spectrometer and microanalyses were performed by the University of Leeds microanalytical service using a Carlo Erba Elemental Analyser MOD 1106 spectrometer. Samples for microanalysis were dried under vacuum prior to analysis. broad and unassignable and the mass spectra did not highlight any mass peaks corresponding to the molecular ion or its breakdown. Larger crystals grown for single crystal X-ray analysis were isolated using a similar procedure but with a 2:2:1 mixture of acetonitrile:nitromethane:water as the solvent system.
Preparation of compounds (±

Crystallography
Crystals were mounted on a glass or MiTeGen fibre tip under oil and flash frozen using a stream of cold N 2 . Data were collected on a Bruker-Nonius X8 diffractometer with an Mo-rotating anode (λ = 0.71073 Å), or on a Rigaku Saturn using synchrotron radiation (λ = 0.6899 Å) at station I19 at Diamond Light Source. Data were corrected for Lorenztian and polarization effects and absorption corrections were applied using multi-scan methods. The structures were solved by direct methods using SHELXS-97 and refined by full-matrix least-squares on F 2 using SHELXL-97, aside from complex 3p which was refined by block-matrix least-squares, interfaced through the X-seed interface. 59, 60 Unless otherwise specified, all non-hydrogen atoms were refined as anisotropic, and hydrogen positions were included at geometrically estimated positions. Molecular graphics were obtained using POV-RAY through the X-Seed interface. 60 
Conclusions
In summary, we have shown how two cyclotriveratrylene ligand pairs, differing only in the length of alkoxy substituents, display dissimilar metal-mediated self-assembly even under analogous conditions. Such sterically and interactionally similar ligand pairs demonstrate how even subtle alterations to the organic building blocks are enough to bias their self-assembly. The self-assembly of a methylated and propylated 4-pyridyl-derived ligand pair, L1m and L1p, was dependent on aggregation of propyl moieties as a driving force in complex formation, resulting in expansion of a 2-connected 1D polymer, as for methylated ligand L1m, to a 3-connected 1D polymer for propylated ligand L1p. This was mirrored in the formation of a 2D net with cadmium(II) centres, featuring two sites of alkyl-alkyl interactions, that was inaccessible with the methylated ligand. Similar results were found for the 2-quinolyl ligand pair, L2m and L2p, whereby the formation of the [Ag 4 (L1m) 4 
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